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COMPLETE SPECIFICATION 
Improved Means for Concentrating Solar Energy 



I, Llewellyn Ernest Hunt, of 67, Vic- 
toria Avenue, Vereeniging, Transvaal Pro- 
vince, South Africa, of South African Nation- 
ality, do hereby declare the invention, for 
which I pray that a patent may be granted 
to me, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

The present invention relates to an im- 
proved means for concentrating solar energy 
more particularly for the utilisation .of said 
solar energy for the purpose of heating. 

A great number of appliances utilising solaT 
energy rely on the concentration of solar 
energy by suitable means, e.g. by means of 
a reflective surface or surfaces. A concave 
reflective surface curved in free dimensions 
for assimilating a three-dimensional curvature 
has hitherto been found to be most suitable 
and effective, as rays from all parts of the 
reflective surface are concentrated substanti- 
ally on one point. Being curved .in three di- 
mensions, however, raises the cost consider- 
ably and in fact makes it prohibitive in some 
25 cases. 

It is the object of the present invention 
to provide a means for concentrating solar 
energy easily, economically and. efficiently. 
It is a further object of the invention to 
30 provide a system by means of which solar 
energy may be projected downwards onto a 
point so that in the case of a melting pot 
or the like, the solar energy may pass into 
said pot or the like through the opening at 
35 the top instead of through the sides. 

Further objects, advantages and applica- 
tions of the invention will become apparent 
from the following description. 

The present invention consists in a means 
40 for concentrating solar energy which? com- 
prises two systems of reflective surfaces as 
hereinafter defined facing each other, each 
of which has or produces the effect of a two- 



dimensional concave curvature, one system 
serving as a collector system and being adap- 
ted and arranged to face the sun, and the 
second system serving as and herein referred 
to as a secondary reflector system, being 
adapted and arranged to have its back to the 
sun, the two systems being arranged so that 
their effective focal lines are normal to one 
another, and in which, the focal length; of 
the collector system is greater than that of 
the corresponding secondary reflector system, 
the secondary reflector system being further- 
more positioned to intercept reflected light 
rays from the collector system at a point 
located at a distance from the focal line 
of the collector system equal or substantially 
equal to the focal length of the secondary re- 
flector system, the arrangement being such 
as to cause the rays of light striking the col- 
lector system to converge onto substantially 
one point or limited area after reflection from 
the secondary reflector system. 

The term " a system of reflective surfaces " 
whenever used in this specification should be 
understood to mean a system adapted to re- 
flect light rays and comprising either a single 
reflective surface, e.g. a mirror or an area 
of polished metal, or a set of reflective sur- 
faces combined to have the effect of a single 
larger reflective surface, and the plural should 
be understood to include the singular and 
vioe versa. 

The term "a two-dimensional curvature" 
is intended to describe the shape of a surface 
of which all sections in one particular direc- 
tion are rectilinear whereas all sections at an 
angle thereto are curved, the curvature of any 
two parallel sections being identical and 
parallel. 

The effective curvature of both the systems 
of reflective surfaces preferably is or corres- 
ponds to a parabola* 

In a particular embodiment of the- inven- 
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tion a system of reflective surfaces may com- 
prise a number of relatively narrow, flat re- 
flective members placed end to end or side 
by side so as to approximate the effect of 

5 a continuously curved parabolic surface. 

In a preferred embodiment of the invention 
the relatively narrow, flat, reflective members 
are so mounted that they may fee adjusted to 
vary their angular position with regard to the 

10 sun in order essentially to produce the effect 
of a variation of the angular position of the 
parabola with regard to the sun as desired or 
required. 

The secondary reflector system preferably 

15 has a parabolic curvature or the approximate 
effect of parabolic curvature, which is not 
by itself symmetric about any line of sym- 
metry, but which is located at one side of 
the plane of symmetry of the complete para- 

20 bola of which the secondary reflector system 
forms a part. This feature introduces the ad- 
vantage that the focal point of the rays is 
positioned outside the path of the rays being 
reflected from the collector system to the 

25 secondary reflector system, and that no part 
of the secondary reflector system will present 
an obstacle to the rays reflected from the 
collector system. The secondary reflector sys- 
tem is preferably somewhat smaller in area 

30 than the collector system. 

The collector system may be mounted 
upon a track or the like, said track preferably 
being circular so that the collector system may 
be rotated in accordance with the position of 

35 the sun. in such a manner that it always faces 
the sun. 

The secondary reflector system is prefer- 
phlv also mounted on a track or the like, so 
that it may be adjusted to any diesired posi- 

40 tion, so tnat rays from the collector system 
are always reflected onto said secondary re- 
flector system. 

In a preferred embodiment of the invention, 
both the collector system and the secondary 

45 reflector system may be tilted in any direction 
so that a maximum concentration of rays fall 
onto said reflective systems. 

The reflective systems may be construc- 
ted of any suitable material, e.g. metal or alloy, 

50 having a reflective surface. The reflective sur- 
faces are preferably hardened so as to pre- 
vent damage or dulling by the elements of 
the weather. 

In a particular embodiment of the inven- 

55 tion, if the energy is to be used to melt metals 
or the like in a melting pot or the like, the 
reflective systems are so arranged that the rays 
are reflected downwards onto the melting pot 
or the like, so that said rays pass through 

60 the open end into said pot or the like instead 
of through the side walls. 

In one embodiment of the invention, the 
melting pot may be tilrable so that the open 
end can always be turned towards the re- 

65 fleeted sun rays, 



The melting pot or boiler or the like is 
preferably stationary whilst the reflective sur- 
faces may be moved to follow the sun. 

The invention and the manner in which it 
may be put into practice will be further 70 
described by way of the following examples 
with reference to the accompanying drawings 
without thereby limiting the scope of the 
invention claimed: — 

Figure 1 is a schematic perspective repre- 75 
sentation of a solar energy concentrating 
device in accordance with the invention, 

Figure 2 shows a plan view of a solar 
energy concentrating device in accordance with 
the invention, 80 

Figure 3 is a diagrammatic representation 
of a vertical section through a solar energy 
concentrating installation in accordance with 
the invention, 

Figure 4 shows a plan view of an arrange- 85 
ment of reflective surfaces forming a collector 
system in accordance with the invention, such 
as the embodiment of Figure 3, 

Figure 5 shows a plan view of a further 
arrangement of solar energy concentrating de- 90 
vice in accordance with the invention, 

Figure 6 is a plan view of yet another ar- 
rangement of a solar energy concentrating de- 
vice in accordance with the invention. 

It should be clearly understood that the 95 
drawings have not been drawn strictly ac- 
cording to scale 

Referring to Figure 1: Parallel rays from 
the sun 1 strike a concave collector 'mirror 

2 having a wo-dimensional curvature and are 100 
reflected by said collector mirror 2 onto a 
secondary reflector mirror 3, which is con- 
cave and has a two-dimensional curvature, the 
curvature being in a plane which is substan- 
tially perpendicular to the plane of curva- 105 
ture of the collector mirror 2, and said secon- 
dary reflector mirror 3 being somewhat above 

the collector mirror 2 and within the focal 
length of said collector mirror 2, at a point 
located at a distance from the focal line 110 
of the collector mirror 2 equal or substantially 
equal to the focal length of the secondary 
reflector mirror 3, and so that their focal 
lines are normal to one another. The rays 
caused to converge by the collector mirror 2 9 115 
are reflected by the secondary reflector mirror 

3 and continue converging until they meet at a 
point 4 within a melting pot 5. The parallel 
rays striking the secondary reflector mirror 

3, are caused to converge by said 120 
secondary reflector mirror 3 S the cur- 
vature of which is such that its 
focal length corresponds to the distance be- 
tween point 4 within the melting pot 5 and 
said secondary reflector mirror 3 3 so that the 125 
parallel rays striking the secondary reflector 
mirror 3 are caused to converge anci meet at 
point 4. 

All rays striking the collector mirror 2 have 
thus been caused to converge into one point 130 
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by means of two mirrors each* having a two- 
dimensional curvature. 

The melting pot 5 is below the secondary 
reflector mirror 3 so that the rays from said 
5 secondary reflector mirror 3 fall downwards 
into the melting pot thus obviating the neces- 
sity for said rays to. pass through, the side 
walls of said melting pot 5. 
Referring to Figure 2: 

10 The concave collector mirror 2 with two- 
dimensional curvature . is mounted) on a sup- 
port 6, which has wheels 7 by which means it 
runs on a track 8. The collector mirror 2 
may thus be rotated on the circular track 6\ 

15 The rays from the collector mirror 2 are 
caused to converge and strike a secondary 
reflector mirror 3 having an upper edge 9 and 
a lower edge 10, the secondary reflector mir- 
tot 3 being positioned within the focal length! 

20 of the collector mirror 2, at a point located! 
at a distance from' the focal line of the 
collector mirror 2 equal or substantially equal 
to the focal length of the second, reflector mir- 
ror 3. The rays converging from the coUec- 

25 tor mirror 2 strike, and are reflected by, the 
secondary reflector mirror 3 and continue 
converging until they meet, at point 4 within 
the melting pot 5. As the sun. makes its path 
across the sky the collector mirror 2 is rotated 

30 on rails 8 so that it always faces the sun. 
The secondary reflector mirror 3 is similarly 
rotated so that it always has its back to the 
sun and is in such" a position that the rays 
reflected by the collector mirror 2 wall on 

35 said secondary reflector mirror 3- 

Both the secondary reflector mirror and 
the collector mirror may also be tilted about 
a horizontal axis so as to receive the maxi- 
mum concentration of sun rays. 

40 Referring to Figure 3: 

The rays from the run fall onto a set of 
reflective surfaces 2a, 'said reflective surfaces 
2a being so arranged that they produce in 
combination the effect of a concave parabolic 

45 collector mirror reflecting the rays of the 
sun onto a secondary reflector mirror 3, said 
secondary reflector mirror 3 having a two 
d imensional curvature. The rays of the sun, 
which are caused to converge in one plane 

50 by the reflective surfaces 2a forming the con*- 
cave collector mirror, strike the concave secon- 
dary reflector mirror 3 by means of which 
they are re-reflected, their degree of converg- 
ence in that one plane, produced by the first 

55 set of reflective surfaces 2a, remaining sub- 
stantially unchanged. The rays on- striking 
the secondary reflector mirror are in addition' 
caused to converge by said secondary reflector 
mirror 3 into a melting pot 5. The mirrors 

60 are so arranged that the focal line of the 
secondary reflector mirror is normal or ap- 
proximately normal to the focal line of the 
collector system of mirrors, so that the ulti- 
mate result is a focal, point or an approxima- 

65 tion thereof. The melting pot 5 is set up 



so that the converging rays from the secon- 
dary reflector mirror 3 upon being re-re- 
flected will enter through opening 5a and 
so that the focal point falls inside said melting 
pot 5. The reflective surfaces 2a may be tilted 70 
and turned so that the maximum concentration 
of rays from the sun may always fall onto 
said Teflective surfaces 2a. As is clearly shown 
the secondary reflector mirror 3 has a para- 
bolic curvature but is not by itself symmetric 15 
about any line of symmetry; it is located at 
one side of the plane of symmetry of the 
complete parabola of which the secondary re- 
flector system forms a part, the plane of 
symmetry of which is given by the dot- 80 
dashed line 16. 

When placed behind each other as shown 
in -Figure 3, the reflective surfaces 2a must 
be so arranged' that they in no way inter- 
fere with' the reflected rays of light from' any 85 
of the other reflective surfaces. The reflective 
surfaces 2a may be tilted and turned) so as 
to allow the maximum concentration of sun- 
light to fall on them at all times. 

Referring to Figure 4: 90 

•A number of reflective surfaces 2a are 
mounted on concentrk arcs of circles or para- 
bolas and each surface is at such an angle 
to the sun and the remainder of .the installa- 
tion that the system of reflective surfaces pro- 95 
duces the effect of a concave collector mirror 
having a two-dimensional curvature. The re- 
flective surfaces 2a on the arcs are mounted 
in such a manner that the reflective surfaces 
2a of the one arc do not interfere with the 100 
reflected rays from the reflective surfaces 
2a of any . other arc. {See Figure 3). The; re- 
flective surfaces 2a may be tilted or turned 
about a horizontal as well as about a vertical 
axis. The reflective surfaces 2a may be turned 305 
individually about a vertical axis so that 
the system' of reflective surfaces always pro- 
duces the effect of a concave collector mirror 
with. a two-dimensional curvature facing the 
sun *and coricentrating all collected solar 110 
energy on the secondary reflector mirror, 
which is, of course, also moved and turned ■ 
in- conjunction with the collector surfaces. 

Referring to Figure 5: 

A number of reflective surfaces 2a are posi- 115 
tioned on a straight line in such a manner that 
by turning and tilting the individual- reflective 
surfaces .the system of reflective surfaces al- 
ways has the approximate effect of a concave 
collector mirror with a two-dimensional para- 120 
bolic curvature facing the sun. A second line 
of reflective surfaces. 2a is set up behind the 
first and 1 if desired or reo^rired any number of 
further lines may be set up. The reflective 
surfaces are so positioned: that they do not 125 
interfere with the reflected rays from the re- 
flected surfaces 2a behind 1 them, so that all 
rays reflected by said reflective surfaces 2a in 
all the lines fall onto the secondary reflector 
mirror 3 having an upper edge 9 and a lower 130 
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edge 10 by means of which the rays are re- 
flected and concentrated -within the melting 
pot 5, 

Referring to Figure 6: 
5 A set of reflective surfaces 2a are mounted 
on a set of carriages II, which carriages II in 
turn run on a set of tracks said tracks 5 
being circular. The individual reflective sur- 
faces 2a on the carriages II viewed in plan, 
10 are partly at a fixed' angle to the tracks so 
that the system of reflective surfaces 2a will 
produce the effect of a concave collector mir- 
ror having a two-dimensional curvature and 
they may further each be tilted about a hori- 

15 zontal axis so as to ensure that a maximum 
concentration of sunlight vwill always be re- 
flected onto the secondary reflector. mirror 3 
having an upper edge 9 and- a lower edge 
10, by . means -of which secondary reflector 
_20- -rrnrror^T said rays aire re-reflected and con- 
centrated within a melting pot 5. The secon- 
dary reflector mirror 3 may also be tilted 
about a horizontal axis so as to receive the 
Tngyimnm concentration of the rays from the 

25 reflective surfaces 2a forming the collector 
mirror system. Both the second reflector mir- 
ror 3 and the melting pot 5 are mounted 
upon a carriage 12 which runs on a track 13 
by means of wheels 14. The track 13 is cir- 

3Q culax so that both the secondary reflector mir- 
ror 3 and the melting pot 5 may always be 
revolved whenever the system or reflective 
surfaces 2a forming the collector mirror is 
turned, so as to ensure that the reflected' rays 

35 fironx the reflective surfaces 2a fall onto the 
secondary reflector mirror 3 and are concen- 
trated in the melting pot 5„ The melting pot 
5 is further mounted on an axis 15 so that it 
may be tilted so as to ensure that the rays 

40 of light reflected 'from the secondary reflector 
mirror 3 will fall into said melting pot 5. 

All figures of the drawings illustrate the 
secondary reflector system in such a position 
that its axes of curvature and .therefor^ its 

45 optical focal line are essentially parallel to 
the ground. 

- .WHAT I CLAIM IS:— ■ 

1. A means for concentrating solar energy 
which comprises two systems of reflective 

50 surfaces, as hereinbefore defined, facing each 
other, each of which has or produces the effect 
of a two-dimensional concave curvature as 
hereinbefore defined, one system serving as 
a collector system and being adapted and ar~ 

55 ranged to face the sun, and the second system 
serving as and herein referred to as a secon- 
dary reflector system, being adapted" -and ar- 
ranged to have its back to the sun, the two 
systems being arranged so that their effec- 

60 rive focal lines are normal to- one another, and 
in which the focal length of the collector sys- 
tem is greater than that of the corresponding 
secondary reflector system, the secondary re-- 
flector system being furthermore positioned- to 

65 intercept reflected light rays from the collec- ■ 



tor system at a point located at a distance 
from the focal line of the collector system 
equal or substantially equal to the focal length 
of the secondary reflector system, the arrange- 
ment being such- as to cause the rays of light 70 
striking the. collector system to converge onto 
substantially one point or limited area after 
reflection from the secondary reflector sys- 
tem. 

2. A means for concentrating solar energy 75 
as Claimed! in claim 1 in which the effective 
curvature of both the collector system and 
that of the secondary reflector system, each 

is or corresponds to a parabola. 

3. A means for concentrating solar energy 80 
... as— chimed in either of claims 1 and 2 in 

which the secondary reflector system has an 
effective curvature corresponding to a section 
of a parabola, which system is not in itself 
symmetric about any line of syrnmetry, but 85 
is located at one side of the plane of sym- 
metry of the complete parabola of which the 
secondary reflector system forms a part. 

4. A means for concentrating solar energy 

as daimed in any one of claims 1 to 3 in 90 
which one or both of the systems of reflective 
surfaces comprise a number of relatively nar- 
row, flat reflective members arranged end to 
end 1 or side by side so as to approximate the 
effect of a continuously curved parabolic sur- 95 
face. 

5. A means for concentrating solar energy as 
claimed ia claim. 4 in which the relatively nar- 
row, flat, reflective members are so mounted 1 
that they may be adjusted to vary their 100 
angular positions with regard to- the sum in 
order essentially to produce the effect of a 
variation of the angular position of the para- 
bola with regard to the sun as desired or 
required. 105 

6. A means for concentrating solar energy as 
claimed in any one of claims 1 to 5 in which 
the secondary reflector system is of smaller 
area than the collector system. 

7. A means for concentrating solar energy 110 
as claimed in any one of claims 1 to 6 in 
which the collector system is mounted upon 

a track, said track being circular so that the 
collector system may be rotated im accordance 
with the position of the sun in such a manner 115 
that it always faces the sun. 

-8. A means for concentrating solar energy 
as claimed in any one of claims 1 to 7 in 
which the secondary reflector system is moun- 
ted on a track so that it may be adjusted to 120 
any desired position so that rays from' the 
collector system are always reflected onto said 
secondary reflector system. 

9- A means for concentrating solar energy 
as claimed' in any one of claims 1 to S in 125 
which both the collector system and the 
secondary reflector system are tillable in any 
direction, so that a maximum- concentration 
of rays fall onto said systems. 
.10. A means for concentrating solar energy 130 
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as claimed: in any one of claims 1 to 9 
in which the energy is used, to melt metal* 
lni a melting pot and the systems of reflective 
surfaces are so arranged that the rays are 
reflected downwards onto the melting pat so 
. that they pass through the open- end into the 
melting pot, said melting pot furthermore 
being tillable so that the open 1 top of the pot 
can 'be positioned to face the reflected! sun 
rays. 

11. A means for concentrating solar energy 
as claimed in any one of Claims 1 to 10 
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comprising the feature that the optical focal 
line of the secondary reflector system is paral- 
lel to the ground. 15 

12. A means for concentrating solar energy 
substantially as illustrated in- and by the draw- 
ings accompanying the specification. 

H. A.. L. VENNIERj 
Chartered Patent Agent 3 
1, Great James Street, Bedford Row, 
London, W.C1, 
Agent for the Applicant 
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